Mouse mammary tumor virus (MTV) was isolated from the milk of RIII mice by density-gradient centrifugation in Ficoll. The homogeneity of the preparation was demonstrated in electron micrographs. The nucleic acid was extracted with phenol in the presence of Pronase. Its viral origin was attested by failure of ribonuclease and deoxyribonuclease treatment of the virus preparation to destroy the filamentous molecules; after phenol extraction, the molecules were destroyed by ribonuclease but not by deoxyribonuclease. Rotary shadowed preparations were examined in the electron microscope.The length distribution of the RNA filaments showed peaks at 1.2, 2.4, and 3.6 Mm. The molecular weight of the longest molecule of MTV-RNA was estimated as 3.6 x 106 daltons.
Mouse mammary tumor virus (MTV) was isolated from the milk of RIII mice by density-gradient centrifugation in Ficoll. The homogeneity of the preparation was demonstrated in electron micrographs. The nucleic acid was extracted with phenol in the presence of Pronase. Its viral origin was attested by failure of ribonuclease and deoxyribonuclease treatment of the virus preparation to destroy the filamentous molecules; after phenol extraction, the molecules were destroyed by ribonuclease but not by deoxyribonuclease. Rotary shadowed preparations were examined in the electron microscope.The length distribution of the RNA filaments showed peaks at 1.2, 2.4, and 3.6 Mm. The molecular weight of the longest molecule of MTV-RNA was estimated as 3.6 x 106 daltons.
The virions of the mouse mammary tumor virus (MTV) morphologically resemble those of the myxovirus group, although no special affinity for mucoproteins nor the presence of neuraminidase has been demonstrated. A mature virus particle is 100 to 120 nm in diameter and is composed of an eccentrically located dense nucleoid surrounded by a single membrane which is surrounded by an outer double membrane. This double membrane is covered with spikes 10 nm in length. The chemical composition of the different components of this virus is not yet known, but it has been reported (16) that the virus contains 27 to 30% lipid and about 1% nucleic acid. On Tween-ether treatment, the virus particles release the nucleoids, which, in turn, show double helical strands of neucleoprotein (22) . These helical strands are presumably built up of protein and nucleic acid. Thermal denaturation and renaturation studies of the ribonucleic acid suggested the single-stranded nature of the viral ribonucleic acid (RNA) (16) .
Recently, Rous sarcoma virus (5, 20) and several structurally related RNA tumor viruses (2, 4, 6, 19) have been shown to contain a singlestranded RNA molecule. There is no report regarding the structure of individual nucleic acid molecules in these viruses. This information can be acquired by electron microscopy, applying the well known monolayer technique of Kleinschmidt and Zahn (13) . Deoxyribonucleic acid molecules have been extensively investigated by many authors (see 14) , and some work has been done on double-stranded RNA (10, 11, 24 Sterility test. Portions of band 3 were plated on Trypticase Soy Agar (BBL) and blood agar. The plates were read after incubation at 37 C for 48 hr.
Control specimen. Milk from C57BL (MTV-free) mice was used as control and processed identically. Although no visible band 3 was found, the same region in the gradient tube was taken and treated as band 3.
Treatment of virus with ribonuclease (RNase) and deoxyribonuclease (DNase). Purified virions from 16 ml of milk were, after final pelleting to remove Ficoll, suspended in 0.8 ml of PBS. The suspension was then mixed with an equal volume of RNase (20 ,ug/ml in PBS) and incubated for 30 min at 35 C. To remove the enzyme, a 5-ml centrifuge tube, half-filled with 10% Ficoll solution, was overlaid with RNase-virus solution and centrifuged for 1 hr at 32,000 rev/min in an SW 39 refrigerated rotor. About two-thirds of the liquid was drawn out by puncturing the tube below the interface with a hypodermic needle. This removed the enzyme solution without risk of contaminating the viral pellet. The rest of the solution was poured off and the pellet was resuspended in 0.8 ml of PBS. The virus was similarly treated with DNase and finally the pellet was dispersed in 0.4 ml of PBS.
In another experiment, virions from 8 ml of RIII milk were not treated with DNase and RNase but were used for preparing nucleic acid.
Extraction of nucleic acid. Band 3 from 8 ml of RIII milk, from 8 ml of MTV-free C57BL milk, and from 16 ml of RIII milk (virions subjected to RNase and DNase) were treated as follows. The specimen was mixed with an equal volume of Pronase (Calbiochem, Los Angeles, Calif.) at a concentration of 5 mg/ml (9) and was incubated for 1 hr at 37 C. RNA was extracted three times, with freshly prepared cold phenol. Any trace of phenol was removed by treating the extracted RNA three times with cold ethyl ether in a separatory funnel (23) .
Treatment of RNA with RNase and DNase. Extracted RNA from the virus that was pretreated with RNase and DNase was divided into three portions. One was treated with an equal volume of RNase (10 ,g/ml), the other with DNase (10 ,g/ml). Each was incubated at 37 C for 30 min. The third portion was untreated. All of the preparations were processed for electron microscopy.
Preparation for electron microscopy. The RNA thus extracted was diluted fourfold with 8 M urea before spreading, to avoid aggregation of the RNA molecules due to intra-or intermolecular hydrogen bonding (11) . Some specimens were also prepared for electron microscopy without dilution of RNA with urea.
Both types of RNA RNA molecules, spread in the presence or absence of urea, did not show any difference in structure. In both cases the most common struc-VOL. 5, 1970 tural feature of these molecules is that they are linear, i.e., noncyclic and nonbranched. There was no tendency to aggregate in the absence of urea. Fig. 2A shows an example of a molecule 3.57 um in length spread with urea, whereas Fig.  2B demonstrates a molecule (3.65 Mm) spread without urea. These molecules are continuous and do not show any break. Fig. 2C and 2D of the same plate show two examples of short molecules, spread in the presence of urea and in the absence of urea, respectively. Very few molecules were seen where one end folded back on the main molecule (Fig. 3A) . Two molecules were found which had the appearance of branching (Fig. 3B) . It is more likely, however, that the apparent branches are distinct molecules which are in contact at one point.
Although sufficient amounts of virus particles were used for extraction of RNA, grids rich in molecules were never found. This may have been because of loss of the molecules in the ammonium acetate solution during the spreading process, as has been observed by Granboulan and Franklin (11). Nevertheless, it was possible to measure the lengths of 194 molecules, ranging in length from 0.5 to 3.7 ,m. Molecules longer than 3.7 ,um were never found, whereas molecules shorter than 0.5 ,um were always found. These shorter molecules have not been accounted for in the analysis. A histogram of the length distribution of 194 molecules is presented in Fig. 4 . The distribution has a prominent peak between 1.1 and 1.3 ,um, thus giving the modal length of 1.2 ,um. Another peak appears at length 2.4 Am. Since the maximum (10) . It is possible that an intact RNA molecule of MTV has two weak regions symmetrically equidistant from the ends, which could account for breaks to yield the observed lengths. Another possibility is that the three modal lengths are the lengths of three different, complete molecules within a virus particle. These units could then be different genetic units coding for different viral components and functions. This hypothesis is inferred from the work of Duesberg and Robinson (7) , who favored the view that influenza virus contains several distinct pieces of single-stranded RNA which do not result from breakdown of a larger molecule during the isolation procedure, but preexist as complete molecules in the virus. The possibility of subunit structure of Rous sarcoma virus RNA has also been described (18) . Finally, a mixed population of virions may exist, characterized by nucleic acid molecules of three different lengths.
Comparing the mean lengths of RNA filaments prepared from bacteriophage R17 and the known molecular weight, Granboulan and Franklin (10) came to the conclusion that single-stranded nucleic acid has an approximate linear density of 106 daltons/,um, which has also been utilized by McGregor and Mayor (17) for the calculation of molecular weight of rhinovirus and poliovirus RNA. By the use of this value, the molecular weight of MTV-RNA would be 3.6 X 106 daltons, corresponding to the maximum length of 3.6 MAm. This result is in close agreement with 3.7 X 101 daltons estimated on a dry weight basis, as reported by Lyons and Moore (16 
